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ORIGINAL ARTICLE
Serum alanine aminotransferase (ALT) level is
useful for identifying inflammation and follow-
ing the progression or regression of liver diseases, 
especially viral hepatitis. Liver necrosis is used to
screen blood donors for liver disease, including
possible viral hepatitis. Serum ALT level is the most
common screening test and forms part of the
routine evaluation of liver damage. An increase
in ALT is found in acute hepatitis, especially acute
viral hepatitis, and in cholestatic conditions.
Sherman has offered a comprehensive review 
of the biochemistry and laboratory analysis of
ALT and its significance in human health and
disease.1
Serum creatinine Cr concentration is widely
used as a clinical index of renal function. In 
stable normal or reduced renal function, it is 
determined by the rate of Cr production and en-
dogenous Cr clearance. During changing renal func-
tion, it can be determined also by the apparent
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Background/Purpose: Reference intervals of biochemical tests for screening for diabetes mellitus and liver and
renal function among school children in Central Taiwan have never been documented. Therefore, this study
aimed to establish the reference intervals for the above mentioned biochemical tests for pediatric populations.
Methods: A total of 4326 subjects, including 2029 kindergarten children, 1624 elementary-school chil-
dren, 325 junior-high-school children, and 348 teachers were selected randomly in Central Taiwan. All
serum alanine aminotransferase (ALT), blood urea nitrogen (BUN), creatinine (Cr) and glucose levels
were determined using a Beckman Synchron CX5 analyzer. The reference intervals reflected estimates of
the 2.5th–97.5th percentiles of non-parametric distributions.
Results: Adults had significantly higher biochemical analyte values [except for BUN/creatinine (B/C)
ratio] than children had. Multiple logistic regression analysis showed that biochemical analyte values were
significantly higher in male than in female subjects. The concentrations of glucose and Cr increased with
age. On the contrary, the B/C ratio decreased with age.
Conclusion: Our study provides new pediatric reference intervals (2.5th–97.5th percentiles) of 60–99 mg/dL
for serum glucose concentrations, 8–38 IU/L for ALT, 0.4–1.1 mg/L for Cr, 8.7–18.0 mg/L for BUN, and
10–34 for B/C ratio. The B/C ratio in children was higher than those of adults, possibily due to that children
had a higher intake of protein. [J Formos Med Assoc 2009;108(12):957–963]
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volume of distribution of Cr.2,3 However, serum
Cr level is used as a gross indicator of the level of
renal function. Measurement of blood urea ni-
trogen (BUN) is probably the most popular lab-
oratory procedure for assessing renal function.
The serum concentration of urea varies rather
widely in different health situations, and is influ-
enced by such diverse factors as dietary intake of
protein and the state of hydration.
There are some advantages in clinical inter-
pretation to determine serum urea and Cr con-
centration and to calculate the BUN/creatinine
(B/C) ratio. The B/C ratio can be a valuable tool
in the determination of renal functional and
structural integrity.4 A high B/C ratio typically is
associated with pre-renal azotemia, because of
increased tubular reabsorption of urea in the
presence of diminished glomerular filtration. A
decreased B/C ratio can occur in any of the previ-
ously mentioned conditions in which urea pro-
duction is decreased. As a result of their greater
Cr formation, muscular individuals who develop
renal failure can also have a low B/C ratio. Renal
dialysis decreases the ratio because urea is dia-
lyzed more readily than Cr.5
Measurement of blood glucose concentration
is fundamental for the diagnosis and manage-
ment of diabetes mellitus (DM). The most fre-
quently encountered disorder of carbohydrate
metabolism is high blood glucose caused by DM,
which affects approximately 5% of the United
States population.6 According to a survey in 1992,
the prevalence of DM in the population aged > 30
years was 12.4% in Pu-Li, a rural area in Central
Taiwan.7 The prevalence of DM in the popula-
tion aged > 40 years was 15.3% in I-Lan, an agri-
cultural county in Northeastern Taiwan in 2006.8
The prevalence rate of DM in Taiwan has been
increasing. Glucose concentration in children aged
< 5 years is 10–15% lower than the level found in
adults. Newborn infants have a glucose concen-
tration of 20–80 mg/dL, and the level in prema-
ture infants is even lower.9
There are no data on pediatric reference inter-
vals for biochemical analytes in function tests
among school children in Central Taiwan. The
aim of this study was to estimate the pediatric
reference ranges for serum ALT level in screening
tests for liver function, BUN and Cr concentrations
for assessing renal function, and blood glucose
concentration as a screening test for DM among
school children in Central Taiwan.
Subjects and Methods
Study population and subject selection
The general population of Central Taiwan, includ-
ing Taichung County and Taichung City, Miaoli
County, Changhua County, Nantou County, and
Yunlin County, was chosen as the study popula-
tion. The total population was over 5 million in
this area. Students and teachers from a total of
54 kindergartens, 10 elementary schools, and three
junior high schools were selected randomly. All
school children (3–15 years of age) in this study
participated on a voluntary basis, with written
informed consent signed by their parents, which
was obtained for over 5000 children. Those with-
out written consent were not included. In total,
2029 kindergarten children, 1624 elementary-
school children, 325 junior high-school children
(adolescents), and 348 teachers (adults) were 
recruited. A total of 764 volunteers were not
screened for this study for the following reasons:
(1) inadequate blood sample collection; (2) fail-
ure of blood collection; and (3) illness noted at
the time of blood collection, such as cough, pal-
lor and/or coarse breath sounds. All participants
underwent a medical check-up, including physi-
cal examination by a physician, and laboratory
tests. Subjects who were obese, or had a history of
DM, hepatic diseases, renal diseases, or taking med-
ication known to affect the liver or kidneys were
excluded. Obesity for adults was defined as body
mass index (BMI) ≥ 27 kg/m2, and waist circum-
ference > 90 cm in men, or > 80 cm in women.10–12
Classification of obesity for children was age- and
sex-specific because children’s body composition
varied with age and between boys and girls.
Obesity was defined as BMI at or above the 95th
percentile for children of the same age and sex,
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based on growth charts of Taiwanese children.13
Information about hepatitis A and B vaccination
for each participant was obtained through a ques-
tionnaire interview. From the questionnaire filled
out by participants’ parents at 2–3 weeks before
the study, age and other characteristics of the
children were obtained.
Participants fasted for at least 8 hours over-
night before blood samples were collected in the
morning. Each blood sample was collected in the
morning by antecubital venipuncture and placed
in a 5-mL Vacutainer® SSTTM serum separation tube
with clot activator (Becton Dickinson, Franklin
Lakes, NJ, USA), and centrifuged at 2500 rpm for
10 minutes, and placed in another 5-mL serum
separation tube (Becton Dickinson). Total col-
lection time per volunteer was 10–15 minutes.
Serum specimens were sent directly to the labo-
ratory for examination as soon as possible. All
biochemical analyses were determined using
fresh sera within 4 hours after blood collection.
Our study was in accordance with the ethical
standards for human experimentation and ap-
proved by the Ethics Committee of Chung Shan
Medical University Hospital (CS06042), Taichung,
Taiwan.
Laboratory examination
All serum ALT, BUN, Cr and glucose levels were
determined using a Beckman Synchron CX5
Analyzer (Beckman Instruments Inc., Brea, CA,
USA). To determine the precision of the tests, the
normal and pathological reference sera previ-
ously indicated were assayed repeatedly (within-
run and between-day) to determine the mean
standard deviation (SD). The most commonly
used procedure included calculation of the mean
ALT, BUN, Cr and glucose levels in a population
when disease is unknown, and determination of
the cutoff values for mean ± SD. This statistical
approach encompassed 95% of the population
within the designation “normal”, because 95% of
a bell-shaped population always falls within SD
of the mean. Therefore, 2.5% above and 2.5%
below this cutoff was, by definition, “abnormal
or pathological”.
Statistical analysis
Statistical analysis was performed with SPSS ver-
sion 8.0.1 (SPSS Inc., Chicago, IL, USA). The in-
creasing trend of age-specific serum biochemical
analysis was tested for statistical significance by
the χ2 test for trend. Multivariate-adjusted 95%
confidence intervals (CIs) were estimated by mul-
tiple logistic regression analysis. As normalization
criteria, the data were logarithmically transformed,
and then screened five times to eliminate each
time that the data exceeded the mean ± SD and
mean ± standard error (SE). Once the data were
selected, histograms were drawn for each sex and
age specification. Accordingly, the reference in-
tervals reflected the estimate of the 2.5th–97.5th
percentiles of non-parametric distributions.
Results
A total of four results that were manifestly abnor-
mal (ALT>200IU/L and glucose level>200mg/dL)
were excluded. Because the distributions were not
normal, a logarithmic transformation was per-
formed to achieve an approximately normal dis-
tribution, from which the mean and SD were
calculated. Anti-logarithmic transformation of
the mean ± SD was carried out to give the results
tabulated. Non-parametric estimation of the
2.5th–97.5th percentiles was also made.
Table 1 shows the results of serum analytes in
different age groups. Adults had higher biochem-
ical analyte levels (except for B/C ratio) than
children had, and the differences were statistically
significant. Table 2 shows the 95% CIs and refer-
ence intervals (2.5th–97.5th percentiles) for sex-
specific serum glucose, ALT, Cr, BUN and B/C ratio.
Multiple logistic regression analysis showed that
biochemical analyte levels were higher in male
than in female subjects, and the differences were
statistically significant.
Table 2 shows the sex-specific serum glucose,
ALT, BUN and Cr concentrations in difference
sex group. The ALT range (1–179 IU/L) was
widest in the ≥ 20 years age group among female
subjects, and smallest in the 3–6 years age group
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among female subjects. The serum glucose level
ranged from 52 to 183 mg/dL in the ≥ 20 years
age group among male subjects, and was smallest
in the 9–12 years age group among female sub-
jects. The BUN level ranged from 5 to 34 mg/dL
in the ≥ 20 years age group among female sub-
jects, and was smallest in the 3–6 years age group
in male and female subjects. The serum Cr level
(0.2–2.2 mg/dL) was highest in the ≥ 20 years
age group among female subjects, and lowest in
the 3–6 years age group among male subjects.
The B/C ratio (4.6–80.0) was highest in the 3–6
years age group among male subjects, and lowest
in the ≥ 20 years age group among female sub-
jects. Concentrations of glucose and Cr increased
with age. On the contrary, the B/C ratio decreased
with age.
The distributions were not normal, and loga-
rithmic transformation was performed to achieve
an approximately normal distribution, from which
the mean and SD were calculated. Anti-logarithmic
transformation of the mean, mean ± SD, and
mean ± SE were carried out to give the results tab-
ulated. Non-parametric estimation of the 2.5th–
97.5th percentiles was also performed. The results
are shown in Table 3.
Discussion
In the present study, the concentration of glucose
in preschool children was 10.4% lower than the
reference range (as shown in Table 3). Girls
showed slightly lower concentrations than boys.
Similar observations have been reported by oth-
ers.14,15 There was an increase in glucose concen-
trations with age, as shown in Table 1. Glucose
concentration in the 9–15 years age group was
similar to that in their teachers. Jagarinec et al re-
ported that, during childhood and adolescence,
glucose concentrations are similar to those in
adulthood.16
Activity of ALT was significantly lower in chil-
dren and adolescents than in adults. It increased
with age and was higher in male than in female
subjects. A similar observation has been reported
previously.16–19 Gomez et al reported that ALT
levels in puberty and adolescence are similar to
those in adults.14
Jagarinec et al reported that concentrations of
Cr are sex-related after the age of 14 years, and
that they increase steadily towards the adult lev-
els.16 In our study, the concentrations of Cr dur-
ing adolescence (13–15 years age group) were
similar to those in the adult population. As
shown in Table 2, Cr levels were higher in male
than female subjects, and the differences were
statistically significant.
Most researchers have confirmed the upward
trend toward adult levels with increasing age
during sexual maturation.14,15 However, more
recent studies have shown that the amount of
protein in the diet can affect the level of Cr pro-
duction by affecting individual muscle mass.5
Jones et al also reported that the higher mean
serum Cr level in men compared with women for
each age group might be the result of the greater
muscle mass in men.20
Table 1. Serum analytes of 4326 subjects in different age groups*
3–6 yr 9–12 yr 13–15 yr ≥ 20 yr 
p†
(n = 2029) (n = 1624) (n = 325) (n = 348)
Analytes
ALT (IU/L) 12.66 ± 11.32 15.88 ± 13.68 15.94 ± 13.77 25.33 ± 23.73 < 0.01
Glucose (mg/dL) 76.15 ± 12.13 81.52 ± 11.0 81.59 ± 10.64 85.33 ± 20.48 < 0.01
BUN (mg/dL) 13.19 ± 2.91 12.15 ± 2.57 11.48 ± 2.42 13.88 ± 3.48 < 0.01
Creatinine (mg/dL) 0.55 ± 0.12 0.81 ± 0.16 0.91 ± 0.14 0.98 ± 0.24 < 0.01
B/C ratio 24.74 ± 6.97 15.52 ± 4.52 13.83 ± 2.96 13.49 ± 4.70 < 0.01
*Data presented as mean ± standard deviation; †children (3–15 years) versus adults (≥ 20 years), analysed by one-way analysis of vari-
ance. ALT = alanine aminotransferase; BUN = blood urea nitrogen; B/C = BUN/creatinine.
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BUN levels for children were lower than those
for adults. Male subjects had higher concentrations
than female subjects had, and these differences
were statistically significant. Similar observations
have been reported by Jagarinec et al.16 On the
contrary, Burritt et al reported higher and con-
stant BUN levels in children compared with
those in adults.15
For normal adults with a normal diet, Hristova
and Henry reported that the reference interval
for the B/C ratio was 10–20, although for most
individuals, B/C ratio ranged between 12 and 16.5
High ratios with normal Cr levels typically are
associated with high protein intake.5 A low B/C
ratio could reflect poor protein intake in patients
with severe liver disease, but this is extremely rare.21
In the present study, the B/C ratio was 65% higher
than the reference intervals in the 3–6 years age
group. It might be that the children had an un-
usually high protein intake.5 Further studies are
needed to determine the factors involved in this
phenomenon.
Cr increased by 110% in plasma and 60% in
serum after 24 hours, and it was probably attrib-
uted to interference of pseudo-creatinines with
the kinetic Jaffe reaction.22 The dramatic increase
could not be explained simply by hemoconcen-
tration because most other non-metabolic ana-
lytes (e.g. BUN) increased by only 2–6%.23
Glucose concentration decreased rapidly within
the first 24 hours, and then decreased more
slowly afterwards for up to 56 hours. Although
the decrease was more pronounced in plasma, a
stoichiometric yield of lactate was observed in
plasma and serum via glycolysis.23 In this study,
the concentration of glucose was 5–15% lower
than the reference range of adults. This might have
been because the serum specimens were sepa-
rated from whole blood and there was a delay in
transporting them to the laboratory.24 In epidemi-
ological research, the collection of blood sam-
ples in large studies is done over large geographic
areas and remote sites where the samples can be
processed.
A previous study showed that, in Taiwan, chil-
dren had higher biochemical reference values
than Croatian children.16 On the contrary, the bio-
chemical analytes values among the Taiwanese
children were lower than those among their
Australian and American counterparts.15,25,26 Our
data revealed that the reference values for the bio-
chemical analytes were similar to those among
Spanish children.14 This suggests that ethnic fac-
tors account for the difference in biochemical
analytes among children. An alternative explana-
tion for the discrepancy is the living habits in dif-
ferent geographical areas.
In summary, adults had significantly higher
biochemical analyte values (except B/C ratio)
than children had, and multiple logistic regression
analysis showed that the values were significantly
higher in male than female subjects. Concen-
trations of glucose and Cr increased with age. On
the contrary, the B/C ratio decreased with age.
The B/C ratio was higher than the reference in-
tervals in children. It might be that the children
had a higher protein intake than the adults did.
Our study provides new pediatric reference inter-
vals (2.5th–97.5th percentiles) of 60–99 mg/dL
for serum glucose concentrations, 8–38 IU/L for
ALT, 0.4–1.1 mg/L for Cr, 8.7–18 mg/L for BUN,
and 10–34 for B/C ratio.
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